Inhibition of neuronal Na+ channels by the novel antiepileptic compound DCUKA: identification of the diphenylureido moiety as an inactivation modifier.
In a previous analysis of existing antiseizure compounds, we suggested that a common diphenylureido moiety was responsible for the activity-dependent, Na(+) channel blocking actions of these drugs (L. D. Snell et al., 2000, J. Pharmacol. Exp. Ther. 292: 215-227). Thus the novel diphenylureido compound [N,N-(diphenyl)-4-ureido-5,7-dichloro-2-carboxyquinoline] DCUKA was developed to incorporate the diphenylureido pharmacophore into a structure that also acted as an NMDA receptor antagonist. DCUKA has previously been shown to have antiepileptic properties in animals, and in the present study the actions of DCUKA on Na(+) currents were characterized using transfected cells that stably expressed the rat brain Na(v)1.2 channel isoform. In whole-cell voltage-clamp recordings, DCUKA reduced Na(+) currents in a dose- and membrane potential-dependent fashion, with an apparent 1:1 stoichiometry of drug:channel interaction. Characterization of the effects of DCUKA on Na(+) channel function strongly suggested that DCUKA acts by enhancing Na(+) channel inactivation. Thus in the presence of DCUKA, Na(v)1.2 channels showed reduced availability in steady-state inactivation protocols, displayed use-dependent inhibition, and were slower to recover from inactivation than untreated channels, while DCUKA showed no significant interaction with the open state of the channel. As previously postulated for the anticonvulsants carbamazepine and phenytoin, these results could be well explained by a model in which the drug preferentially interacts with the fast inactivated state of the channel. Finally, DCUKA was generally more efficacious than carbamazepine in modifying sodium channel behavior. Thus the diphenylureido moiety identified by a structural analysis of classic anticonvulsants appears to be important to the inactivation-specific Na(+) channel inhibition by this class of antiseizure agents.